ABSTRACT The polyphagous lady beetle Coleomegilla maculata (DeGeer) was previously shown to oviposit more frequently on the weed, Acalypha ostryaefolia Riddell, than on sweet corn, Zea mays L. In that earlier study, the presence of A. ostryaefolia led to higher densities of C. maculata larvae on nearby corn. To determine if C. maculataÕs apparent oviposition preference for A. ostryaefolia was limited to that weed species, we conducted a 2-yr Þeld study using A. ostryaefolia along with eight other common broadleaf annual weeds. A separate Þeld experiment compared oviposition on just A. ostryaefolia and the weed Abutilon theophrasti Medicus. The possible inßuence of whiteßy Trialeurodes abutiloneus (Haldeman) presence on C. maculata oviposition site selection also was examined. When nine weed species were available, signiÞcant oviposition preference was found for A. theophrasti. Similarly, far more egg clusters were found on A. theophrasti than on A. ostryaefolia when only those two species were available. When given a choice between A. theophrasti plants heavily infested with whiteßies and A. theophrasti virtually lacking whiteßies, C. maculata showed no signiÞcant oviposition preference between the two types of plants.
THE LADY BEETLE Coleomegilla maculata (DeGeer) is one of the most abundant coccinellid species found in corn in North America (Hodek and Honȇ k 1996) . Although considered polyphagous, rather than highly aphidophagous like some coccinellid species, C. maculata are efÞcient predators of the corn leaf aphid, Rhopalosiphum maidis (Fitch) (Schellhorn and Andow 1999) . They also feed on eggs of crop pests such as the European corn borer and the Colorado potato beetle (Coll and Bottrell 1991, Hazzard and Ferro 1991) . A substantial portion of C. maculataÕs diet in corn Þelds also consists of corn pollen when it is seasonally available (Smith 1960 (Smith , 1961 .
Adult and larval C. maculata feed on similar prey. Adult females may inßuence larval feeding by oviposition site selection (Hodek 1973) . Many predaceous coccinellids are known to oviposit near food sources (e.g., aphid clusters), providing young larvae with nearby prey (Coderre et al. 1987) . Coleomegilla maculata, however, are less likely to oviposit amid prey aggregates (Schellhorn and Andow 1999) . In fact, Cottrell and Yeargan (1998) observed greater C. maculata oviposition on Acalypha ostryaefolia Riddell (hophornbeam copperleaf), a weed commonly found in corn Þelds in Kentucky, than on nearby sweet corn plants, yet larvae spent most of their time on the corn plants. They also found signiÞcantly higher numbers of late-instar C. maculata on corn plants with A. ostryaefolia plants nearby than on corn plants without this weed present. Although many C. maculata eggs were laid on the weeds, upon hatching, larvae quickly dispersed to nearby corn plants (Cottrell and Yeargan 1999) . Their studies focused entirely on sweet corn and A. ostryaefolia plants.
We wished to determine if the apparent oviposition preference by C. maculata for A. ostryaefolia was limited to just this weed species. Our primary objective was to determine oviposition site selection among nine weed species, including A. ostryaefolia, in sweet corn plots. In addition, we compared C. maculata oviposition on Abutilon theophrasti Medicus (velvetleaf) plants that were heavily infested with immature whiteßies with oviposition on A. theophrasti plants that were virtually free of whiteßies.
Materials and Methods
Corn Plots and Weeds. Field experiments were conducted in sweet corn plots at the University of Kentucky North Farm near Lexington. ÔGolden QueenÕ sweet corn was used for all plots; corn rows within plots were spaced 0.9 m apart. Immediately after the corn was planted, all plots were treated with alachlor herbicide (3.9 kg [AI]/ha). Naturally germinating weeds not controlled by the herbicide were manually removed until experiments were completed. All weeds and weed seeds used in experiments were collected near Lexington, KY.
Choice Among Nine Weed Species. Four plots of corn (each 10 m by 10 m; 12 rows), were planted on 11 May and 3 May in 1999 and 2000, respectively. Greenhouse-grown weeds (all Ϸ20 cm tall) were later transplanted into the corn plots, midway between corn rows, 2 m apart in a randomized complete block design. Each plot contained two blocks of nine weed species (nine weed species per block, 18 plants per plot, and 72 plants overall). Within each plot, blocks of weed species were separated from one another by the four corn rows in the center of the plot. For one block within a given plot, Þve weed species were transplanted between rows 3 and 4, and four weed species were transplanted between rows 4 and 5. Weeds for the other block within a given plot were transplanted between rows 8 and 9 and between rows 9 and 10, again with Þve and four weed species per row, respectively. The nine species of weeds tested (Table 1) were selected primarily because they are common in central Kentucky and/or have some physical resemblance to A. ostryaefolia, at least in their early growth stages.
Weeds were transplanted into the plots on 3 July 1999 and 26 June 2000 by placing the pots containing weeds in a hole such that the top of each pot was level with the soil surface. The weed species were transplanted into the corn plots just as the corn began to tassel. Every other day from 5 July until 21 July in 1999 and from 28 June until 14 July in 2000, coccinellid eggs were sampled from the transplanted weed species. Sampling consisted of counting the number of egg clusters and the number of eggs per cluster, and then carefully removing the clusters found on each plant. The clusters were taken back to the laboratory for incubation until larval eclosion to determine species. BartlettÕs homogeneity test (Analytical Software 2000) indicated signiÞcant heterogeneity of variances, which was corrected by transformation (square root of the number of egg clusters found per plant ϩ 0.5). Transformed data were analyzed with a two-way analysis of variance (ANOVA), and mean numbers of egg clusters were compared among the nine weed species using TukeyÕs honestly signiÞcant difference (HSD) test. Data from these experiments and all other experiments reported in this paper are presented as untransformed means Ϯ SE.
At the conclusion of this experiment, all 72 weeds were removed from the Þeld and taken to the laboratory for leaf area measurements. All leaves from each plant were removed at the petiole and placed in a leaf area meter to measure the total area available for C. maculata oviposition (Li-cor, model LI-3000, Lambda Instrument, Lincoln, NE). BartlettÕs test indicated signiÞcant heterogeneity of variances, which was corrected by transformation (square root of the leaf area per plant). Transformed data were analyzed with a two-way ANOVA, and means were separated using TukeyÕs HSD test.
Choice between A. ostryaefolia and A. theophrasti. In our 1999 experiment described above, C. maculata laid signiÞcantly more eggs on A. theophrasti than on any of the other weed species tested, including A. ostryaefolia. Because two previous studies that showed an apparent oviposition preference by C. maculata for A. ostyraefolia did not include A. theophrasti among the plant species examined (Cottrell and Yeargan 1998; K.V.Y. and B. L. Newton, unpublished data) , we decided to compare just these two plant species.
A single corn plot (8 m by 12 m; 10 rows) that had been planted on 11 June 1999 was used for this experiment. On 2 August, Þeld-grown A. ostryaefolia and A. theophrasti (Ϸ20 cm tall) were transplanted (2 m apart) into the plot between corn rows in a randomized complete block design with nine replications (18 total plants). Pots with plants were placed into holes so that the tops of the pots were ßush with the surrounding soil. Blocks 1Ð3 were planted between corn rows 3 and 4; blocks 4 Ð 6 between rows 5 and 6; blocks 7Ð9 between rows 7 and 8. The weed species were transplanted into the corn plot just as the corn began to tassel. The number of coccinellid egg clusters and number of eggs per cluster found on the transplanted weeds were recorded every other day from 4 August until 20 August 1999. Eggs were collected and incubated until larval eclosion for species veriÞcation. BartlettÕs test indicated signiÞcant heterogeneity of variances, which was corrected by transformation (square root of the number of egg clusters per plant ϩ 0.5). Transformed data were analyzed with a two-way ANOVA, and means were separated using Fisher pro- Letters in parentheses indicate whether the species is exotic (E) or native (N) to the United States. a In the 2000 experiment, specimens of both G. ciliata and Galinsoga parviflora Cavanilles (small ßower galinsoga) were accidentally used because they were not correctly identiÞed until the experiment was underway. tected least signiÞcant difference (LSD) test. At the conclusion of this experiment, all transplanted weeds were removed and taken to the laboratory for leaf area measurements, as described earlier.
Effect of Whitefly Infestation. During the 1999 oviposition preference experiment, immature stages of the bandedwing whiteßy, Trialeurodes abutiloneus (Haldeman), were observed to be much more abundant on A. theophrasti plants than on the other weed species. Thus, to determine the possible inßuence of these whiteßies on C. maculata oviposition preference, an experiment was conducted during 2000 using A. theophrasti plants that were infested with, or virtually lacking, immature whiteßies.
A single plot of corn (8 m by 12 m; 13 rows) was planted on 3 May 2000. Twenty-four A. theophrasti plants were grown in the greenhouse from seeds collected the previous summer. Approximately 1 wk before transplantation into the Þeld, the pots containing A. theophrasti plants were equally divided and placed into two wooden, screened cages in the greenhouse. Plants in one cage were exposed to Þeld-collected adult whiteßies; plants in the other cage remained whiteßy free. The adult whiteßies were allowed to oviposit on A. theophrasti for 5 d, after which they were aspirated off the plants and destroyed. The developmental period of the whiteßy is such that the Þeld experiment could be completed before any immature whiteßies on the infested plants could emerge as adults and cross-infest noninfested plants. On 7 July, 2 d after removing adult whiteßies from the plants and just as the corn began to tassel, all 24 A. theophrasti plants (20 cm tall) were transplanted (2 m apart) between corn rows in a randomized complete block design with 12 blocks. Pots were placed into holes so that the top of each pot was ßush with the surrounding soil. Within a given block, the two types of plants were separated from one another by a single row of corn. Blocks 1Ð 4 were between corn rows 3 and 5; they were separated by corn row 4. Blocks 5Ð 8 were between rows 6 and 8, separated by row 7, and blocks 9 Ð12 were between rows 9 and 11, separated by row 10.
Coccinellid egg clusters were sampled every other day for 7 d (from 8 to 14 July). To minimize natural whiteßy infestation of the experimental plants, any adult whiteßies found on noninfested plants during coccinellid egg sampling were aspirated and destroyed. The total numbers of coccinellid egg clusters and numbers of eggs per cluster were recorded. Eggs were collected and taken to the laboratory for incubation until larval eclosion to verify species. The mean numbers of C. maculata egg clusters on the two types of plants were compared using a two-way ANOVA of the original data (no heterogeneity of variances detected by BartlettÕs homogeneity test). At the conclusion of this experiment, plants were brought back to the laboratory for leaf area measurements as described earlier, and to determine the total number of immature whiteßies (nymphs and pupae) on each plant. Mean leaf areas were compared using a two-way ANOVA of the original data. For counts of immature whiteßies, BartlettÕs test indicated signiÞcant heterogeneity of variances, which was corrected by transformation (square root of the number of immature whiteßies on each plant ϩ 0.5). Transformed data were analyzed with a two-way ANOVA.
Results
Choice Among Nine Weed Species. The mean number of C. maculata egg clusters was signiÞcantly higher on A. theophrasti than on any other weed species in 1999 (F ϭ 36.8; df ϭ 8, 56; P Ͻ 0.01) (Fig. 1) . In 2000, A. theophrasti had a higher mean number of egg clusters than all other weed species, except Galinsoga spp. (F ϭ 26.4; df ϭ 8, 56; P Ͻ 0.01) (Fig. 1) . The average number of eggs per cluster appeared to vary among weed species and between years (Table 2), but we did not attempt to analyze these data statistically because sample sizes ranged from 0 to 88. When the mean leaf area available for C. maculata oviposition was compared among weed species, only A. ostryaefolia (in 1999) and X. strumarium (in 2000) had mean leaf areas that were signiÞcantly greater than the other weed species (F ϭ 8.3; df ϭ 8, 56; P Ͻ 0.01 and F ϭ 9.0; df ϭ 8, 56; P Ͻ 0.01, respectively) ( Table 2) .
Choice between A. ostryaefolia and A. theophrasti. SigniÞcantly more C. maculata egg clusters were oviposited on A. theophrasti than on A. ostryaefolia (F ϭ 165.8; df ϭ 1, 8; P Ͻ 0.01). The mean numbers of egg clusters (ϮSE) were 22.2 Ϯ 2.1 on A. theophrasti and 3.6 Ϯ 0.6 on A. ostryaefolia. Acalypha ostryaefolia, however, had signiÞcantly more leaf area per plant than A. theophrasti (F ϭ 6.2; df ϭ 1, 8; P Ͻ 0.05); the respective average leaf areas (ϮSE) were 975.7 Ϯ 164.3 cm 2 and 489.4 Ϯ 77.6 cm 2 . The average number of eggs per cluster (ϮSE) was 25.3% higher for A. ostryaefolia (10.9 Ϯ 0.7 [n ϭ 33]) than for A. theophrasti (8.7 Ϯ 0.3 [n ϭ 211]) (t ϭ 3.17, df ϭ 242, P Ͻ 0.05).
Effect of Whitefly Infestation. The mean number of immature whiteßies was Ͼ50 times greater on the purposely infested plants compared with the noninfested plants (F ϭ 41.4; df ϭ 1, 11; P Ͻ 0.01) ( Table 3 ). The mean number of C. maculata egg clusters found on A. theophrasti plants heavily infested with whiteßies was not signiÞcantly different from the mean number of egg clusters found on plants with very few whiteßies (F ϭ 0.5; df ϭ 1, 11; P Ͼ 0.48) (Fig. 2) . The mean number of eggs per cluster (ϮSE) was very similar on both types of plants: 13.3 Ϯ 1.1 (n ϭ 29) for whiteßy-infested plants and 13.5 Ϯ 0.7 (n ϭ 33) for noninfested plants. Average leaf area of plants heavily infested with whiteßies was Ϸ23% greater than that of uninfested plants at the end of the experiment (F ϭ 10.9; df ϭ 1, 11; P Ͻ 0.01) ( Table 3) . Cottrell and Yeargan (1998) found that when given a choice between ovipositing on corn plants or the endemic weed, A. ostryaefolia, C. maculata females preferred A. ostryaefolia. In another study (K.V.Y. and B. L. Newton, unpublished data), C. maculata laid signiÞcantly more eggs on A. ostryaefolia than on Amaranthus hybridus L., Sida spinosa L., or Ipomoea hederacea (L). We examined C. maculatas oviposition preferences when presented with a wider selection of common weed species. Out of nine selected weed species (including A. ostryaefolia), C. maculata appeared to prefer A. theophrasti as an oviposition site. When beetles were given a choice between only A. ostryaefolia and A. theophrasti, C. maculata laid more eggs on A. theophrasti than on A. ostryaefolia. The amount of available leaf area on various weed species did not explain why more C. maculata eggs were laid on A. theophrasti than on other weed species.
Discussion
Throughout our studies, the bandedwing whiteßy was more abundant on A. theophrasti than on any of the other selected weed species. Coleomegilla maculata is one of Þve coccinellid species known to feed on the bandedwing whiteßy in Louisiana cotton Þelds Mean leaf areas within a column sharing the same letter are not signiÞcantly different (P Ͼ 0.05, TukeyÕs HSD test). a In the 2000 experiment, specimens of G. ciliata and G. parviflora (3:5 mixture) were accidentally used because the plants were not correctly identiÞed until the experiment was underway. Letters denote that means within each column are signiÞcantly different (P Ͻ 0.01, F-test).
Fig. 2.
Mean Ϯ SE number of C. maculata egg clusters per plant on A. theophrasti plants that were purposely infested with bandedwing whiteßies and similar plants that were not infested before placement in a stand of sweet corn. Means are not signiÞcantly different (F ϭ 0.5; df ϭ 1, 11; P Ͼ 0.48). (Watve and Clower 1976) . Thus, we hypothesized that the presence of the bandedwing whiteßy on A. theophrasti might account for C. maculatas oviposition site selection. However, we found no signiÞcant difference in the mean number of C. maculata egg clusters laid on heavily infested versus barely infested A. theophrasti, which suggests that factors other than presence of whiteßies were responsible for the beetlesÕ preference for ovipositing on this plant species. Cottrell and Yeargan (1999) found that C. maculata egg cannibalism was lower on A. ostryaefolia than on nearby corn plants. They hypothesized that the presence of glandular trichomes on the stems and petioles of A. ostryaefolia affected the foraging ability of C. maculata larvae, which they showed to be the major predators of C. maculata eggs. Previous research on the effects of plant pubescence on oviposition by Coccinellidae (C. maculata and Hippodamia convergens Guerin-Meneville) showed that more coccinellid eggs were found on potato clones with high densities of glandular trichomes than on clones with low densities of glandular trichomes (Obrycki and Tauber 1985) . Those authors suggested that potato clones possessing numerous glandular trichomes may provide refuge for coccinellid eggs from larval cannibalism. Similar to A. ostryaefolia, A. theophrasti is densely covered with glandular trichomes, while the other weed species used in our study generally lack glandular trichomes.
We have shown that C. maculata prefer A. theophrasti plants over several other selected weed species as oviposition sites. Even when paired with a species shown to be preferred in previous studies, C. maculata chose A. theophrasti as the preferred oviposition site. The presence of whiteßy prey did not appear to account for C. maculatas preference for A. theophrasti in our experiments. In separate studies we examined additional factors that might explain C. maculatas apparent preference for ovipositing on certain plant species (GrifÞn and Yeargan 2002) . Cottrell and Yeargan (1998) showed that companion plantings of A. ostryaefolia with sweet corn led to higher densities of C. maculata larvae on sweet corn plants (compared with monoculture sweet corn). Presence of A. ostryaefolia also led to higher levels of predation on corn earworm eggs. Because A. theophrasti appears to be preferred over A. ostryaefolia as an oviposition site, it seems reasonable to expect that companion plantings of A. theophrasti with sweet corn would produce similar, or possibly greater, effects on C. maculata larval density and predation of pest eggs on sweet corn.
